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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method 
capable of manufacturing the high strength welded joint 
sufficiently exceeding the strength required for the 
welded joint and having the tensile strength of ^50 MPa 
without generating cracks in the deposited metal even by 
pre-heating in lower temperature zone than the 
conventional one. 

SOLUTION: The butt multi-layer welding by a shielded 
metal arc welding method using the welding consumable 
electrode containing, by wt., ^.07% C, 3.0-4.0% Ni. 



0.030-0.050% O and 0.6-0.9% carbon equivalent in the 
chemical composition of the deposited metal is applied 
to the steel having hardness of 310-360 HV and 
composing of. by wt., 0.07-0.16% C, 20.20% Si. 
0.60-1.20% Mn, 20.5% Cu. 1.0-3.0% Ni. 0.30-1.20% Or, 
0.30-0.80% Mo, 0.01-0.1% V. 0.005-0.03% Nb. 
0.015-0.10% Al, 0.0005-0.0020% B. 20.010% P, 20.005% 
S, 20.005% N, and substantially the balance Fe, under 
the condition of ^15 KJ/cm to 235 KJ/cm in inputting 
quantity of heat, ^75^0 to <120X in pre-heating 
temperature and ^100°C to 2250**C in temperature 
between paths, whereby the joined part is formed with 
the deposited metal of 290-340 HV in hardness. 
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J 

(57) [IffPfS^O^Hl 

C : 0.07-0. 16wt%. Si :0.20wt%W» 
T,Mn:0.60-1.20wt%,Cu:0.5 wt%J^:lT,Ni :1.0 -3,0 
wt%,Cr:0.30-1.20wt%, Mo:0.30 -0.80wt%, V : 0. 
01-0.1 wt%, Nb:0.005-0.03wt%,AI:0.015 -O.lOwt 
%, B : 0.0005-0. 0020wt%, P:0.010wt%J::JLT, s: 
0.005 vtt%&.TiSXX/N : 0.005 Yit%aTi'^^m.^^^ 
mn^^lZFBt-h^j:^. ?I$;6^310 -360 HVCO^^tU. m 
^^m<^it^&f&:^^C :0.07wt%tlT, Ni : 3.0 -4.0 
wt%ioi:LKO:0.030- 0.050wt%'^^<^^^;^-oTi£^tr^ 
m^fl^Ceq m.B -0.9 wt% t ^^?S«*t#4.5rfflv> 

"k. X^M : 15kJ/cmtJl±35kJ/cmW.T. ^fS^SS : 75 

t:J^±i20 t:*i®i^J:^//>-;^HiajS : loo t:jj.±25ot: 

J^TO^t^^UTML. ®§;&^290 -340HV C0?tlF#JST* 



2 

So 

Ceq=C+ Mn /6+ (Cr+ Mo +V) / 5 + (Ni+Cu) 
/15 

I^*Jl2l C : 0.07-0. 16wt%, Si : 0.20wX%ll 
T,Mn:0.60-l-20wt%,Cu:0.5 wt%J'J.T, Ni :1.0 -3.0 
wt%,Cr:0.30-1.20wt%, Mo:0.30 -0.80wt%, V : 0. 
01-0.1 wt%, Nb:0. 005-0. 03wt%,Al:0.015 -O.IOwt 

10 %, B : 0.0005-0. 0020wt%, P:o.oiOwt%;:JiT, s: 

0.005 wt%I^Ti3 i^/N : 0.005 m%llTi^^mU^^ 
HKWtlFe^^^^b^^-?). m^-^^SW -360 HVOii#(l. 
«#J^<7)ft^^fiS;7!>^X :0.07wt%J^T, Ni :3.0 -4.0 
wt % J: Z/0 :0. 020- 0. 040wt % * '^<^^ T&^oTfS^T*^ 
a^tt^Ceq m.B -1.2 wt% ^ Jfc^}§«*t*J|-«rfflv> 



(2) 

3 

Sfcfi : IBkJ/cmtJ.iSOkJ/'cinW.T. ^IftiSR : 75t;J.J.Ji 

120 x:mni3iiV-'^<:!^mi^s. : loo t:J-J.±25o x:\;XT<r> 

^mzxmL. 1® 5*^290 ~ 340HV <^i§«#S-C«-&ffi 
IB 

Ceq=C+ Mn / 6+ (Cr+ Mo +V) /5+ (Ni+Cu) 
/15 

IB*:^3] C : 0.07-0. 16wt%, Si : 0.20wt%m 
T,Mn:0.60-1.20wt%,Cu:0.5 wt%WT,Ni:l.0 -3.0 10 
wt%,Cr:0.30-1.20wt%, Mo:0.30 ~-0.80wt%, V : 0. 
01-0.1 wt%, Nb:0.005-0.03wt%,Al:0.015 -O.IOwt 
%, B : 0.0005 - 0.0020wt%, P :0.010wt%W,T. s: 
0.005 wt%\-:iTiiXV^N : O.OOS wt%J^T?:#.^^Sr>7i^ 
^SWt-Feji^'b't*, SES^tJ^SIO -360 HV<^gi*tlZ, ^ 

«^JS<of(:^a.fiS:*^c : o.07ii»t%J'JLT, Ni :3.o -4.0 
wt%ij J; rfo :o.oi5- o.035wt% i^^^^':3Tn&^r'^ 
H^n^Ceq 75*0.9 -1.2 wt%t ^:'2>>§«ttf|-S:fl3v^ 

A^M : 25kJ/cin;jl±55kJ/cmJ-:JLT, i^^iS 20 

m : 75t;j-:J.±i20 t:*?iiJj:yf/<xHjas : 150 "Ci-JUi 

300 X)l'lT<r>^t^l,ZXmL. m$A^290 - 340HV 

te 

Ceq=C+ Mn X6 + (Cr+ Mo +V) /5 + (Ni+Cu) 
/IS 

s**75'cj-:ji±ioo x:aTX'$>i>m^m^(oi'fWiijmo 
i^m<r>mm^^m.m] 30 
10 0 0 u 

[0002] 

i:f*o*goitjn»-*tLT(±, mmMtLx-^msmm. 

mtsmwLi^m^i>:^t{zi.'^xm^^<r>mmiu^mm 40 

^ o 

max vma. ^ » ^ <o c < co-g-^^^**-^* $ *t -c v ^ 
tiM^^<7)i&TAmmx'^y) . mm^z^^^xMo 



3220406-^ 

4 

to 0 0 4] ecu, )#«#^oiBt#mi4^e5:ii$-ti-^ 

tC'£-S t-ti>^k^i ?S1Str ^ 4- c: t t^?^ ^ o 

X.ldr950MPa^<7>««t}tSLfc*i-g-|r. -eo^^fflSUS 

jR^n-S), 950MPaW.±<O?SSI±?#'bn;t(/^^ t (-^ . 

&Ji«oiij:}xi;*iii<7)fc 120 x:vx±.<r>^m^-SL-m'-rj: 

[0 0 0 5] v^-r^lcL-Ct, Ji55S«<7)?§«^^Sr, j# 
«^JS^;»J^^:^*l&^L^^^i T icf^^-r^tili, 120 "C 

*^950MPaJ-:il±(7)ie5?i)tiS«ai^* , i^&itti+Jt-e&v^iaft 
JtcOi^gii; J: o r t ?#«^iSlcSi|a75«|§^-r^ c i: ^ L 

Id 0 0 61 

t ^ ^ , mm.<7>?m. ^hiz i±mi4 ^ fit x. 7t 
miEit-t^^tizx^x. m^3mi:m^L. 75^oj#« 

m<r>m^iwi^mmizm.m-i-^ztxms.^ti. tfcm 
xi^M-t^^tizx-ox. m^^mamu^ti^ ^ t 
[0 0 0 7] c:<^l§^(±,. c : 0.07-0. i6wt%, Si:o. 

20wt%i-J,T,Mn:0.60-1.26wt%,Cu:0.5 wt%W.T,Ni :1. 
0 -3.0 wt%,Cr:0.30-1.20wt%, Mo:0.30 — 0.80wt 
%, V:0.01-0.1 wt%, Nb:0-005-0.03wt%,Al:0.01 
5 -0.10wt%, B : 0.0005-0. 0020wt%, P:0.010wt% 
Jar, S : 0.005 wt%J-JlTiJj;?>'N : 0.005 wt%W.T5r 
^^mUAmm'OiZFe-A-h^j:^). B!?**310 -360 HV<0 
mUiZ. ilF«^JROft^ag£**C : 0.07wt%jy.T, Ni : 
3.0 -4.0 wt%io J: 0=0:0.030 - 0.050wt% Sr^^;*^o 
Tie^d) T-^^?tt^Ceq *>0.6 -0.9wt%t^^?t 

mumm^^fz. w.mr-^mmmzxi>^^^i:>-it<r> 

0''9&*)mmi. ASig : 15kJ/cinJi]l±35kJ/cmt)LT, 



5 

i^^fiS : 75t:w.±i20 r^iSi^cto^VN-xpBii^jt : loo 

Ceq=C+ Mn /6+ (Cr+ Mo 
[0 0 0 8] tfc. Z<D^m(t. C : 0.07-0. 16wt%, 
Si : 0.20wt%J':lT,Mn:0.60-1.20wt%,Cu:0.5 wt%U 
T,Ni:l.O -3,0 wt%,Cr:0.30-1.20wt%, Mo:0.30 - 
0,80wt%, V: 0.01-0-1 wt%, Nb:0.005-0.03wt%,A 
1:0.015 -0.10wt%, B : 0.0005 -0.0020wt 96, P:0.0 
10wt%JaT, S : 0.005 wt%WTi3 J:O^N : 0.005 wt% 
l^lTir^^nmmnmiiZ^fe^^h^j:^. m^mW -36 
0 HVOiStftz. i§«#JS<7)<t^a^:6?C :0.07wt%Ja 
T, Ni :3.0 -4.0 wt%ioi: 0^0:0.020 - 0.040wt%5r 

-e^^^n-sceq m,s -1.2 wt% 

O^'B^ AI!S:i : 15kJ/cmJ^J.±30kJ/cmtiL 

T> i^i^ia* : 75t:w.±i2o v^mi^xr/y^^wsLm : 
100 x:a±25ox:i^iT<D^mzxmL. m^i^'^zso -340 

[0 0 0 9] C:co^0^(i. C : 0.07-0.16wt 

%, Si : 0.20wt%ti.T,Mn:0.60-1.20wt%,Cu:0.5 wt% 
jy.T,NI:1.0 -3.0 wt%,Cr:0.30-1.20wt%, Mo:0.30 
-0.80wt%, V:0.01-0.1 wt%, Nb:0. 005-0. 03wt 
%,Al:0.015 -0.10wt%, B : 0.0005 -0.0020wt%, 

P:o.oiOwt%Ay.T, s : 0.005 wt%llTi^^rfN : 0.00 

0 -360 HV<7)ii#{l. mm±m<Oit^m.f^^:^^^C :0.07wt 
%W.T, Ni :3.0 -4.0 wt%i5 J: 0^0:0.015- 0.035wt 
%^^<;^;6-o_L|£jt(l) -r^«$tI'i)Ceq 75^U9 -1.2 

ct^S^I-g-^b-ti-cO^g® i9?#S^> A^M:25kJ/cm 

j^j.±55kj/cm;:JiT. "^mi^m : 7sx:\^i±}2o v^m^x 
tK/N-xffliag : 150 t:J^:i.±300 t:UTo^f4^iix-ML. 

®$;5>-^290 - 340HV (OmM^mxlS^UimJSC'thZt 
[0 0 1 01 

C : 0.07-0. 16wt% 

mwLm.07m%^mxit^(Dmunw:iz^ l < . -*o. 

M^^'^i:^<7)r% C4(i0.07-0.16wt%OKHtl|S5eL 
[0 0 1 1 1 Si : 0.20wt%J^T 

O.20wt%^M;iTi3^SP^n^ t ^^^-^^i-t^ >-^-f 



(3) #it»3 2 2 0 4 0 6-^ 

6 

+ V) /5+ (Nl+Cu) /15 (1) 

U <0 Uii^^^itir ^ O T% S i 1: (iO. 20wt % J^T L 

[0 0 1 21 Mn : 0.60-1.20wt% 

^±xi> mm^^Tt^x^^ ^*4;^^^o. 60wt %^mx 

JO i±^(Dmn^miZ^L<. -:^1.20wt%^^;i^^imf 
14i3J:D^'mmi4^0^fkS:JB< 0"C% Mnl:(iO. 60-1.20 

[0 0 1 31 Cu : 0.5 wt%tJlT 

cu(i. mii^^^it^^LiiZ^^m^kMib^mmTLmx^^ 

0.5 wt%?:@x.Tv3^S0LT<>^<OS&*(iia^nUJi 
L. tf L^=f>5. biO±#S:JB < OT% CuS(i 0.5wt%i^ 

[0 0 1 41 Ni : 1.0 -3.0 wt% 

^^^^k^'m^^n-^i-^zt^'x^i-\ -:^3.0wt% 

'tmx,xm\\Lxi>^<Dn^mmiizmL. t^L^::?;^ 

y :/uo4^;!>?.E,co-e. Nifiti i. 0-3.0 wt%oteH 

[0 0 1 51 Cr : 0.30-1.20wt% 

cr(i. momxiit^m^m%'r^±x^m^^itmx^ 
h t^. ^*»^^o. 30wt % -e <o v^ssn?** ^ l 

<. -:^l.20wt%*^x.^<hi$«14co^^ib-remftt 
^O^ft^JS < ^JO-Tr. Cri(i0.30-1.20wt%<7)ffiHtcpi^ 
JO Lfcp 

[0 0 1 61 Mo : 0.30- 0.80wt% 

*M7&^o.30wt%*:i®'e(i-eo;^SD?A*uSL< . 

80wt%Sr@x.^i:?§«14<7>l^Lv>^'fLS:*8<<7)T% MoS 
tiO. 03-0. 80wt % CO^H PI^ t fz o 
[0 0 171 V : 0-01-0.1 wt% 
Vfi. iHoa?JKrpI±(::*?ati^^-r^;&^ #*fi7&^0.0l 
wt%tiSI;^jiv>i:-e<7>7^tP^b*(::^L<.. — :^ 0.1wt% 

or% VifiO.Ol-O.l wt%<7)®H(c|®^L/co 
[0 0 1 81 Mb : 0.005 -0.03wt% 

>f hS^ms^ti-^^fflTc^-e^^^^ ^^^i)^ 0.005 
wt%*«-C(i;5^J: d 4^^ft^b*7&^»^ti-f . -^03 
yN\%imk.^ t '^^i)mti:t>ixh(r>X. Nb4ii 0.005 
-0. 30wt%<7)teHU|?l^Ly::o 
[0 0 1 91 Al : 0.015 -0.10wt% 
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i> 0.015wt96^'£l?^i-'i)7:?\ #*»;!>^U10wt%^gx. 
it^iE<(OX\ Aia(i 0.015-0. 10wt%cOKHliPI^L 
[0 0 2 0] B : 0.0005-0.0020wt% 

S;^^0.0005wt%5t^j|i-e(i:>e-Oi?SjD^(l*(lS L < — :^o.oo 

0. 0005-0. oo20wt %<Dmm iz l tzo 

[0 0 2 1] P : 0.010 m%\XT 

T\ m-n\^iA'thZti)mt\^^^i)K ^Wi/O^^ O.OlOwt 
%J^:XT-e*:|iii|^g-C-§^Ot:\ PMii 0.010wt%JaT 

[0 0 2 2] S : 0.005 wt%;:JiT 

^ o 

10 0 2 3] N : 0.005 wt%J.J.T 

iL<, #(;N^:0.005 vit%l-lTI,z-ti,t^{ZMi 0.0 
15-0. 10wt% (ZPS Lr^tui±\ @}tB C7)«A14|S]±55!) 

NS 140. 005 wt%J-JlTt-l?I^L;to 

[0 0 2 4] ^jb\ fi#i±, mnm<r)^?^t)mi~Mm^ 

#A*tiaJSab.&v>(±flfe§lllLiaJS«:BB^LT, ffibti* 
^WcO?g§teH4-310 - 360HV CCi"^ C t J: o T, ffi 

SA»|#<bixiv>o iy::> 360HV Sr C xi^-^Ji, 

10 0 2 5] ttz. ^<r>^mx-it. mm^m<r>it^m.f^ 
*K WSLT-^m^^\zi.hm^it. c :o,07wt%W 

T, Ni :3.0 -4.0 wt%fc J: 0^0:0.020- 0.040wt%Sr 
#<^7)^o±ieL;t:^(1) T-3t*^tL^Ceq -0.9 
v»t%i:4>*it«*t«-, 5 ^'•j#«ffit;J:-5.«'g-(±, C : 0. 
07wt%Ji]LT. Ni :3.0 -4.0 v«t% ±5 i O'0 :0.030- 0.0 
50wt%^r-i-<^7j'O±|eLfc^(1) r-^*E*iti^Ceq *^0. 
8 -1.2 wt%t^^}#«#=^, -J-LT-^-r-v-vT-^ 
j§«ftl-J:^^'&l4> C : 0.07wt%Ji)lT, Ni : 3.0 -4. 
0 wt%iiJ:l>*O:0.015- 0.035wt%Sr^<Si3j>o±fiBL^w 
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^(1) -e^^^n^Ceq 7>^0.9 - 1 . 2 wt % t 4' -SiSIf # 

[0 0 2 6] C : 0.07wt%jy.T 

lftiaS^r120 "CWJilcL^-lt^xIf^rib^-v^/^:*?), 0.07wt 

( 0 O 2 7] Ni : 3.0 -4.0 wt% 

iESA^'£-5t»* 19 > 3.0 wt%*SiT-(±«l1405gf^**B« 
r-jtjf), -:^4.0 wt%S:Cx.-&t*illAtLl4**M«{-A< 
fji-oXmiix^m^-t^fzib. Ni<0?^*PSli3.0 -4.0 wt 

[0 0 2 81 

o:o.030- o.050wt% (^sar-i' 

0:0.020- 0.040wt% 

0:0.015- 0.035wt% ("f 7'-v'-vr-^'j§«ft) 
Ol:l±«l'tt?ra^«+^/c«!)HftlJKi--5..j6:>ST-* <0 . ±K 

[0 0 2 9] ±l£L7t^(1) f ^*$n^Ceq ^MSUi" 
50 [0 0 3 0] CCT-. jS<r#Jl<0?j!$(4. 290 -340 HV 

tiri>'i^^m-/)^h^o 4-tf4t>, 290Hv*siT'j±, ae^^ 

S^rjgm-t^CtTjJ-e^-r. 340 HV*Cx.«.i:, 
[0 0 3 1 ] .^^U, C<7)|§ggtzj3V^T. >§«^fi^?:±fe 

: 75t:J':J.±i2o x:*it 

S!$Sra5ei-'2.^i:t;J:ori20 "C^SlHteTt-* ^ t 

l±, lOOtJ-J-T, J: Ofi^S L<«i80"CJ^T{-1-^it 
«it$it-So ^«ftiaS74*75"C*8ltc4-&t, 

[0 0 3 2] /^^wiajs : 100 t:u±25o x^ixr 

50 iai^HSr-xTLf o/w*, mM^^^Ltz'O 



(5) #fj=^ 3220406-f- 

9 10 
SOK14<0fiffiA«ffi^i;4-*o /^';^P^jaS 75^250 *'C. i 0 4f i L < (±85*C t i"^ t if^:^;^ hSlli)^ 

<!05|«/;(*ffl^|Cii-5>o t 0 t)lti=-S!iiaS«O±i;i5r100 * [0 0 3 3] 

ASft* : 15kJ/anJ.J>ii35kJ/cinJaT (^5T- ^' 

15kJ/cinJ.:l±30kJ/cmJ-JLT ( 5 Vxtm'A) 

25kJ/cmJa±55kJ/cmJ'J,T (-^ T-^ - 'J T - 

2 (c^-r*fl=(c«6oT«ip : ^xkmowm^im^htzo 



[0 0 3 41 ^ 



[0 0 3 51 

[«ll 

(wt%) 





C 


Si 




p 


s 


Al 


Cu 


Ni 


Cr 




V 


Nb 


B 


N 


a 


0.07 


0.19 


1.20 


0.005 


0.002 


0.06 


0,50 


2.53 


0.50 


0.75 


0.030 


0.028 


0. 0019 


0.0035 


b 


0.10 


0.08 


0.85 


ao(« 


0.001 


0. 07 


0.25 


a 00 


0.75 


0.55 


0.088 


0. 013 


0.0007 


0. 0033 


c 


0.11 


a 10 


0.90 


0.005 


0.002 


0.05 


0.10 


2.05 


1.20 


0.30 


0.011 


0.007 


0.0010 


0.0040 


d 


0. 15 


0. 15 


0.75 


0.OO5 


0. OOl 


0. 07 


0.35 


1.51 


0. 44 


0.60 


0.045 


0.018 


0. 0014 


0. 0026 


e 


a 13 


an 


a 69 


0.003 


0.002 


0.05 


0.26 


1.02 


0.45 


0.52 


0.050 


0.010 


0.0012 


0.0032 



[0 0 3 6] 



[«2] 



IS 

^ 


m 


CC) 


980-940 

T* 


m CO 




m CO 


2g]gCD 

m CO 


3@SCD 
& CO 


CC) 




(HV) 


TS 

(m) 


vE- 
CJ) 






A 


a 


1150 


24 


945 


®^ 


930 


m 




600 




312 


970 


190 


mm 


B 


b 


1200 


22 


950 










590 


*^ 


358 


1000 


220 


C 


c 


1100 


35 


955 




950 


930 


900 


600 




321 


985 


240 


D 


d 


1150 


20 


955 




930 






590 




318 


975 


185 


E 


e 


1150 


33 


965 




880 






600 




340 . 


990 


230 


F 


a 


1150 


25 


950 




900 






560 




365 


1065 


56 




G 


b 


1150 


28 


950 




9^ 


900 


870 


610 




305 


945 


190 



[0 0 3 7] nhtlfz^mWi<r>'PX'm^-A^3\0 - 360HV 
<r>^mimS.Lfzii<OlZ'Z>\,^X. «3, 4. 5 H^i"^ 

mt. jis z 3:2M,zmmLfz^\mu.mj'X':>xm^^m 

aXV?. :}'*^StwOV>r<±30'CT-80%gtH^T-CJIS 
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